Introduction {#sec1}
============

India has a population of nearly 1.3 billion, and this translates to 20% of the global population. India has a great diversity with respect to its environment, rates and types of infections, socio-economic strata within population, diet, culture, language, religious beliefs, literacy, aero-biology, and climate. Allergy and allergic disorders result from a complex interaction between genetic, environmental, and multiple lifestyle factors; thus, a country such as India offers an excellent platform to investigate epidemiology and natural course of allergic diseases.

Most published literature regarding atopy and allergic conditions comes from high-income English speaking countries, which may not be directly applicable to low-middle income countries such as India due to fundamental differences in genetic, environmental, and lifestyle factors. There is emerging evidence regarding a rising prevalence of allergic and other immune-mediated diseases in India and other countries in South Asia.[@bib1], [@bib2], [@bib3], [@bib4], [@bib5]

This review aims to provide an overview of allergies and allergic conditions in India, with a focus on disease burden, gaps in evidence, and current barriers and challenges for patients, their caregivers, and healthcare professionals in the delivery of an evidenced-based high quality asthma and allergy care.

Disease burden {#sec2}
==============

Asthma {#sec2.1}
------

India has a substantial burden of respiratory disorders, with chronic obstructive pulmonary disease (COPD) and asthma comprising the vast majority.[@bib6] Salvi et al., in a 1 day point-prevalence study (POSEIDON study[@bib6]) conducted across 880 Indian cities and towns, in 204,912 patients, analysed data on 554,146 reasons for visit to a doctor. Respiratory symptoms were the most common cause of presentation to a physician in 51% of all patients included in the study and in 65% of paediatric age group, and obstructive airways disease was as one of the most common diagnosis reported.[@bib6] The Global Burden of Disease study 1990--2016 reported an estimate of 37.9 million (35·7--40·2) cases of asthma in 2016.[@bib7] The Death and Disability Associated Life Years (DALY) per case of asthma in India was 2.4-fold higher than the global average.[@bib7] The second round of Indian Human Development Survey (IHDS-II) was conducted in 2011--12 and involved all states and union territories except Lakshadweep and Andaman and Nicobar Islands, and it included 204,568 participants from 42,152 homes in 1503 villages and 971 urban sites.[@bib8] The authors reported that the overall asthma prevalence had increased from 41.9/1000 to 54.9/1000 population between 2004--5 and 2011-12.[@bib8] The prevalence was higher in poorer Indian states, and higher in Northern states with low rates in North Eastern states.[@bib8] The odds of reporting asthma was significantly higher amongst participants with lower literacy, lower socio-economic background, and those belonging to homes using unclean fuels. The authors went on to compute Population Attributable Fractions (PAFs) to estimate overall and risk factor specific burden of asthma in 2015.[@bib8] Out of an estimated 65 million cases a staggering burden of 80%, 78%, and 52% was attributable to use of fire wood, kerosene, and cow dung cakes as fuels, respectively.[@bib8] This translated to avoidable cases amounting to 16 million and 11 million, respectively, if firewood and kerosene/cow dung were not used.[@bib8]

The data on prevalence of asthma and asthma symptoms among children in India are from the International Study of Allergy and Asthma in Children (ISAAC) studies.[@bib1]^,^[@bib3] In comparison to high-income English speaking countries, India had a relatively lower prevalence. Overall prevalence rates of "ever asthma" in children aged 6--7 years and 13--14 years were 3.5% and 4.5%, respectively. The prevalence of asthma symptoms in the older age group was 6.0% for wheeze, 9.5% for \"wheeze on exertion\", and 14% for nocturnal cough. Prevalence rates from the capital city of Chandigarh, in Punjab state were lower at 3.5% for asthma, 4.2% for wheeze, and 8% for \"exertional wheeze\" and nocturnal cough in the age group 13--14 years. The phase III ISAAC study reported a prevalence of 7--20%. Paramesh reported a rising prevalence of asthma in a hospital-based outpatient study over a period of 20 years (1979--1999).[@bib9] The prevalence rate rose from 9% to 29.5% over a span of 20 years and was influenced by demographic changes.

In a recent study, the authors extrapolated an average yearly expense to the overall prevalence of asthma.[@bib10] Even at a lower prevalence rate of around 2%, the estimated yearly economic burden in India was a whopping INR 71 billon (\~USD 7 billion) per year. This should be interpreted in conjunction with India\'s *per capita* GDP (\$2172 USD). The overall cost could be reduced significantly if a \"shared care\" concept between the doctors and peripheral health workers was implemented, especially in rural areas of India.[@bib11] Health insurance is not well established in India. Nearly 70% of the population pay out-of-pocket for both inpatient and outpatient care including medications. This results in a huge strain on the population, particularly for those belonging to the lower socio-economic group. Only 2 states out of 28 Indian states have introduced free distribution of basic asthma medications in all government medical institutions, where 70% of the public seek care.[@bib12]

*Risk factors* {#sec2.2}
--------------

It is recognised that allergic disorders are influenced by multiple environmental and lifestyle factors. India has undergone major socioeconomic changes in the new millennium, at least in part due to greater international travel and westernisation within society, and a very high burden of indoor and outdoor air pollution. Environmental Tobacco Smoke (ETS) is a major issue both in rural and urban homes. A study carried out in Chandigarh, Punjab state, reported that adolescents living with parents who were smokers had a higher incidence and morbidity due to asthma compared to households with a non-smoking environment.[@bib13]

India has one of the highest burdens of air pollution globally.[@bib14] The main sources are vehicular exhausts, biomass fuels, and fossil fuels. Nearly 55.5% of the population use solid fuels, as high as 75% in some states. Nearly 77% of the Indian population is exposed to an annual weighted mean particulate matter (PM)~2.5~ levels of \>40mcg/m^3^, a threshold recommended by National Ambient Air Quality Standards, which exceeds the limit set by the World Health Organization (WHO) (\<10mcg/m^3^).[@bib14] PM~2.5~ levels are particularly high (\>125 mcg/m3), in New Delhi, Uttar Pradesh, Bihar, and Haryana. Exposure to PM~2.5~ is associated with an adverse impact on respiratory diseases including asthma and COPD, as well as vascular events and mortality.[@bib14] India had nearly 26% of global air pollution Disability Adjusted Life Years (DALYS) in 2017.[@bib14]

Salvi et al reported in the Asia Pacific-Asthma Insights and Management (AP-AIM) study that India had the lowest score for asthma management.[@bib15] The common triggers for asthmatics in India were dust (49%) and air pollution (49%), while only 5% reported pollen as a trigger. They reported high rates of oral corticosteroid use and only 36% and 50% of Indian asthmatics used preventer and rescue inhalers, with a majority preferring an oral route of asthma medication. This study clearly highlighted that asthma management in India remains suboptimal, with a significant proportion of patients experiencing uncontrolled disease that results in poor quality of life. There is a need for an urgent review of this situation and initiation of active measures at local as well as national levels to improve asthma care in India. In a multicentre study involving 73,605 adults, Aggarwal et al. reported risk factors for asthma including female gender, older age, urban setting, lower socioeconomic group, atopy, family history, and ETS exposure.[@bib16]

High rates of sensitisation (51%) to aspergillus and allergic bronchopulmonary aspergillosis (ABPA; 38%) has been reported amongst Indian patients admitted with acute severe asthma to intensive care units.[@bib17] Also, children with evidence of sensitisation to fungi had higher rates of severe asthma compared to those without sensitisation (17.6% and 2.4% respectively).[@bib18] Agarwal et al reported estimates of ABPA and severe asthma with fungal sensitisation (SAFS) in the Indian adult population based on 2011 census.[@bib19] ABPA was 0.12--6.09 million cases and SAFS 0.52--1.21 million.[@bib19]

WHO\'s \"best buy\" interventions did not include asthma management in its costing scenarios. Better evidence of effective asthma management in diverse health systems and contexts and proper delivery of care to patients from lower socioeconomic groups are required. The \"essential medications\" as per WHO guidelines does not include basic asthma medications such as inhaled corticosteroids. A comprehensive health insurance plan announced by the present government in India called [Ayushman Bharat-National Health Protection Scheme](https://m.economictimes.com/topic/Ayushman-Bharat-National-Health-Protection-Scheme){#intref0010} ([AB-NHPS; https://www.india.gov.in/spotlight/ayushman-bharat-national-health-protection-mission](https://www.india.gov.in/spotlight/ayushman-bharat-national-health-protection-mission/AB-NHPS){#interref0010}) covers only hospitalisations for poor patients, and not outpatient care. This could limit its role in contributing to the care of patients suffering from allergic disorders.

Allergic rhinitis {#sec2.3}
-----------------

The prevalence of allergic rhinitis has gradually risen in India in the last 2 decades.[@bib20] This was greater in older children aged 13--14 years with relatively smaller increase in 6--7 year-old children as reported in ISAAC phase-I and phase-III studies.[@bib1]^,^[@bib4]^,^[@bib21] Nasal symptoms were present in 12.5% and 18.6% of 6--7 year-old and 13--14 year-old children, respectively, in ISAAC phase-I and 12.9% and 23.6% in ISAAC phase-III studies, respectively. Prevalence of rhinoconjunctivitis showed a similar pattern of increase over the same period.[@bib4]^,^[@bib20] Allergic rhinitis and asthma coexist in 70--80% of Indian patients.[@bib22]^,^[@bib23] Allergic rhinitis has been reported to have a significant adverse impact on health-related quality of life in Indian patients.[@bib22]^,^[@bib23]

Common aeroallergens of relevance to allergic rhinitis and asthma in India include house dust mite, cockroach, pollen, and mould spores.[@bib22] A seminal study from Eastern India revealed that 96% of patients with naso-bronchial allergy showed sensitisation to house dust mite with predominant mites being *Dermatophagoides pteronyssinus*, *Dermatophagoides farinae,* and *Blomia tropicalis* at 75.06%, 63.72%, and 72% respectively.[@bib24] Similar studies from Western, Northern, and Southern India revealed somewhat lower rates of sensitisation, although *D*. *pteronyssinus* was the major offending allergen.[@bib25]^,^[@bib26] Dominance of *D.* *pteronyssinus* sensitisation is further validated by another recent study from Eastern India.[@bib27] In a study conducted amongst asthmatic children aged ≥5 years, common sensitisers included housefly antigen (36.7%), rice grain dust (31%), cockroach (18%), and house dust mite (8%).[@bib28] Important cockroach species are *Blatella germanica* and *Perplanata Americana*. Some interesting differences have been reported in allergic rhinitis phenotypes between \"sneezers and runners\" *versus* \"blockers\", the latter showing significantly higher rates of sensitisation to dust mites and fungi as opposed to the former group which showed higher rates of pollen sensitisation.[@bib22] Amongst aspergilli, *A.* *flavus* showed the highest rate of sensitisation in allergic rhinitis.[@bib22]

There are two pollen seasons in India, firstly tree pollen between February--April and grass pollen between September and December.[@bib22] Allergenically important pollens are *Prosopis juliflora, Ricinus communis, Morus, Mallotus, Alnus, Quercus, Cedrus, Argemone, Amaranthus, Chenopodium, Holoptelea, Brassica, Cocos, Cannabis, Parthenium, Cassia,* *and grasses*.[@bib29] The local vegetation determines the predominant pollen in the ambient air of that region, thus leading to aerobiological diversity.[@bib30]

[Table-1](#tbl1){ref-type="table"} summarises common aero-allergens of relevance to India.Table 1Important pollen grains and air borne fungal spores in IndiaTable 1POLLEN GRAINS[@bib30]^,^[@bib66]NAME OF PLANTPEAK POLLINATION SEASONPOLLINATION PATTERN*Poaceae*Oct--NovSeasonal*Trema orientalis*Nov--MarSeasonal*Carica papaya*Nov--MaySeasonal*Aegle mermelos*Mar--JuneSeasonal*Parthenium*Perennial*Cyperaceae*Perennial*Catharanthus roseus*Mar--JuneSeasonal*Ricinus communis*Sept--MarSeasonal*Xanthium strumarium*Aug--NovSeasonal*Cheno Amaranthaceae*Perennial*Cocos nucifera*Perennial*Ocimum basilicum*May--JuneSeasonal*Moringa oleifera*Dec--MarSeasonal*Areca catechu*Nov--MarSeasonal*Tridax procumbens*Sept--MayPerennial*Phoenix sylvestris*Nov--AprSeasonal*Helianthus annus*Perennial*Azadirachta indica*Dec--MaySeasonal*Achyranthes aspera*Sept--MarSeasonal*Lantana camara*Sept--MayPerennial*Polygonum plebelum*Dec--JuneSeasonal*Eclipta alba*Perennial*Albizia lebbeck*Feb--JuneSeasonal*Vernonia cinerea*Perennial*Artocarpus heterophyllus*Mar--JulySeasonal*Adhetoda varica*Mar--JulySeasonal*Eucalyptus citriodora*Apr--OctSeasonal*Borassus flabellifur*Feb--JuneSeasonal*Psidium guajava*Mar--JuneSeasonal*Cassia sophera*May--JulySeasonal*Delonix regia*Feb--JuneSeasonal*Lagerstroemia reginae*Mar--JuneSeasonal*Peltophorum pterocarpum*Mar--AugSeasonal*Mangifera indica*Jan--AprSeasonal*Alstonia scholaris*Sept--NovSeasonal**[FUNGAL SPORES]{.ul}**[@bib66]^,^[@bib67]**NAME OF FUNGUSPEAK SPORING SEASON***Alternaria spp*Early JuneAspergilli/PenicilliOct--Nov*Chaetomium sp*Perennial*Cladosporium sp*Dec*Coprinus sp*Perennial*Curvularia sp*July--Aug*Drechslera hawaiiensis*July--Aug*Nigrospora sphaerica*Late summer

Atopic dermatitis {#sec2.4}
-----------------

The prevalence of atopic dermatitis (AD) is wide ranging (3.0--20.5%) globally as per ISAAC studies.[@bib1]^,^[@bib31]^,^[@bib32] Comparison of data between ISAAC phase I and III has revealed that worldwide prevalence of AD is rising, especially in younger children.[@bib31]^,^[@bib32] The prevalence of AD in India is lower in comparison to other countries as per ISAAC phase I and III study reports. Importantly, there has not been any significant increase in prevalence of AD in India. All the Indian participating centres in ISAAC phase I study (except Kottayam in Kerala) reported a 12-month period prevalence between 2.4% and 6%. In ISAAC phase III, most of the participating Indian centres showed low prevalence rates (\<5%) of AD, similar to phase I data.[@bib1]^,^[@bib32]

Hospital-based studies from Northern and Eastern part of the country reported low prevalence among dermatology outpatients at 0.42% and 0.55%, respectively.[@bib33] Prevalence rates were much lower than those reported in ISAAC studies, probably due to strict criteria (Hannifin and Rajka criteria) for diagnosis of AD adopted for the evaluation of the skin lesions by specialist doctors.

Racial differences in prevalence has been reported, with higher rates in Africa and Oceania, in contrast to lower rates in India and Eastern and Northern Europe. Filaggrin loss-of-function mutations occur in up to 50% of European and 27% of Asian patients with AD, and they are 6 times less common in African American than in European American patients.[@bib34]

Food allergy {#sec2.5}
------------

Cohort studies from The Isle of Wight, UK, have shown that prevalence of peanut allergy has risen during the last 2-3 decades.[@bib35] In a population survey involving 38,480 children in the United States, prevalence of food allergy was reported amongst 8%, with multiple food allergies in nearly a third of this population.[@bib36] The most common food allergies reported were peanut, milk, and shellfish.[@bib36] In a cross-sectional study involving adults from 15 countries in the European community respiratory health survey, 12% of the participants reported adverse reactions (allergy and intolerance) to food.[@bib37] This was however not confirmed with allergy testing and food challenges. In contrast to high income countries, a recently conducted EuroPrevall-INCO survey revealed food allergy to be 0.14% among children from 2 participating Indian centres.[@bib38] Interestingly, sensitisation rate was quite high (19.1%) to food allergens in Indian children in this survey.[@bib38] In other words, despite high sensitisation rates, the prevalence of clinically relevant food allergies was extremely low. Despite high consumption of peanuts in different foods in India, peanut allergy in children was found to be quite low (0.03%), although peanut sensitisation was high at 6.3%.[@bib38] Health Nuts study from Australia showed that the odds of peanut allergy was three-fold greater amongst children born to parents born in East Asia as opposed to children born to parents born in Australia.[@bib39]

The EuroPrevall-INCO study in an adult population conducted in 2 centres in Karnataka state showed a very high sensitisation rate of 26.5%, whereas rates of \"probable food allergy\" were low at 1.2% (see [Table- 2](#tbl2){ref-type="table"} for details).[@bib40] Further research is needed to investigate why prevalence of clinically relevant food allergy is low in India despite high rates of sensitisation, in contrast to relatively high rates of allergic rhinitis and chronic asthma.Table 2Food allergen sensitisation patterns in IndiaTable 2Study, Author and YearPlace, Hospital, Community, Sample size (N)Prevalence of sensitisation to FoodsCommentsPatil SP et al.[@bib68] 2001Allergy clinic, Bombay, Western India, N = 1400Chickpea and other legumes were testedSelf-reported chickpea allergy - 59.; History and SPT positive for chickpea -- 41; DBPCFC positive for chickpea - 31Kumari D et al.[@bib69] 2006Tertiary care hospital, New Delhi, North India, N = 816BlackgramSelf-reported black gram -- 35/816.; History and SPT positive for black gram 16/35--12.1%; History and specific IgE to black gram -- 14/35; DBPCFC -- 4/14 subjects where it was performedKumar R[@bib70] et al., 2006Tertiary care hospital, New Delhi, North India, N = 21620 foods, Rice, Blackgram, Lentils, Citrus fruits, Pea, Maize, Lima bean, French beanSensitisation rates: Rice -- 11.1%; Black gram -- 10.1%; Lentils -- 9.7%; Citrus fruits -- 9.2%; Pea -- 6%; Maize -- 6%; Lima bean -- 5.5%; French bean - 5.5%Kumar R et al.[@bib71] 2007Tertiary care hospital, New Delhi, North India, N = 1200RiceSelf-reported Rice allergy -- 165/1200; History and SPT positive for rice; 20/165--12.1%; History and specific IgE to rice -- 13/165; DBPCFC -- 6/10 subjects where it was performedHarish Babu et al.[@bib72] 2008Community, Mysore, South India, Adults N = 741Only eggplant was testedSelf-reported eggplant allergy −9.2%; History and SPT positive for eggplant -- 4.3%; History and specific IgE to eggplant -- 0.8%Misra A et al.[@bib73] 2008Hospital, Lucknow, North India, N = 76LegumesSensitisation to legumes 30; History and SPT positive 6Mandal J et al.[@bib74] 2009Allergy unit in a tertiary care hospital, Kolkotta, Eastern India, N = - 684Cereals, milk, egg, fish, fruits and vegetablesSensitisation to Prawn -- 53.5%; Banana -- 40.6%; Brinjal -- 45.6%; Wheat -- 28.4%; Egg -- 34.9%; Milk -- 20.5%Kumar R et al.[@bib75] 2010Tertiary care hospital, New Delhi, North India, N = 1860Rice, Black gram, Lentil, Citrus fruits, Pea, Maize, BananaSensitisation rates: Rice 6.2%; Black gram 5.9%; Lentil 5.5%; Citrus fruits 5.3%; Pea 3.8%; Maize 3.8%;Banana 3.6%Dey D et al.[@bib76] 2014Clinic in Kolkota, Eastern India, N = 516146 foods Banana, Brinjal, Lentils, Wheat, EggSensitisation rates: Bananas 32.4%; Brinjal -- 29.4%; Lentils -- 10.4%;Wheat - 21.7%; Egg -- 23.1%Mahesh PA et al.,[@bib40] 2016Randomly selected General population from Mysore and Bangalore (Part of an International study -- Europrevall), AdultsScreened N = 10,931, Case Control Study, N = 58724 Europrevall priority foods fish, cow\'s milk, egg, mustard seed, soya bean, peanut,lentil, wheat, buckwheat, walnut, poppy seed, melon, sunflower,corn, banana, sesame, shrimp, tomato, kiwi, carrot,celery, apple, peach and hazelnut)% Sensitisation and probable allergy: Wheat -- 11.93% and 0.02% ;Peanut -- 8.73% and 0.0%; Egg -- 2.56% and 0.05%; Milk -- 2.71% and 0.50%; Fish -- 0.5% and 0.0% ;Shrimp -- 15.53% and 0.0%; Apple -- 7.27% and 0.50% (Sensitisation rates were measured by specific IgE and probable allergy needed a positive history of allergic symptoms within 2 h of consumption of the food and either a positive specific IgE or SPT)Chogtu B et al.[@bib77] 2017University teaching Hospital in Karnataka, N = 221931 foods Red gram, Green gram, Red kidney beans, Wheat, EggSensitisation rates: Red gram 12.6%; Green gram -- 12.5%; Red kidney beans -- 10.9%; Wheat - 9.6%; Egg -- 6.9%Gobinaath T R et al.[@bib78] 2018School children urban and rural schools, N = 35010 foods Prawn, Peanut, Fish, Milk, BananaSensitisation rates: Prawn -- 17.7% (urban), 5.7% (rural); Peanut -- 19.6% (urban), 10.4% (rural); Fish - 17.7% (urban), 5.7% (rural); Milk - 17.7% (urban), 5.2% (rural); Banana -- 2.5% (urban), 1.0% (rural)Li J et al.,[@bib38] 2019Randomly selected general population from Mysore and Bangalore (Part of an International study -- Europrevall, which screened 35,549, in China, India and Russia), Children screened N = 5677, Case control study, N = 45025 Europrevall priority foods hen\'s egg, cow\'s milk, peanut, soy, hazelnut, walnut, celery, kiwi, apple, peach, sesame, mustard, wheat,fish, shrimp, buckwheat, corn, carrot, rice, tomato, melon, banana, lentils, sunflower seeds and poppy seeds.% Sensitisation and probable allergy: Wheat -- 6.7% and 0.0%; Peanut -- 6.3% and 0.0% Egg -- 1.7% and 0.05%; Milk -- 2.1% and 0.0%; Fish -- 0.4% and 0.0%; Shrimp -- 10.3% and 0.0%; Apple -- 4.2% and 0.0%, (Sensitisation rates were measured by specific IgE and probable allergy needed a positive history of allergic symptoms within 2 h of consumption of the food and either a positive specific IgE or SPT)

[Table-2](#tbl2){ref-type="table"} summarises studies conducted in India investigating common food allergen sensitisation patterns.

Drug allergy {#sec2.6}
------------

Adverse drug reactions (ADRs) are broadly classified into immunological and non-immunological with the vast majority being non-immunological.[@bib41] Reports from western countries suggest that up to 30% of ADRs in western countries are allergic or pseudo-allergic.[@bib42] Available reports from India suggest that cutaneous ADRs occur in 2--5% of inpatients.[@bib43], [@bib44], [@bib45], [@bib46] A study conducted at a dermatology out-patient department reported that the common offending drug groups implicated in ADRs included antimicrobials (34%), anticonvulsants (33%), and antiinflammatory drugs (21.5%).[@bib47] Other less frequent drugs were antipsychotics, antidepressants, antihypertensives, oral contraceptives, antidiabetics, insulin, vaccines, radiocontrast media, pancreatic enzyme supplements, homeopathic, and ayurvedic preparations. The most common offending drugs were carbamazepine (16.3%), phenytoin (15%), and cotrimoxazole (13.5%).[@bib45] The under-reporting of ADRs is a major challenge in India.[@bib48] Although, there are approximately 90 ADR monitoring centres in India, their functional rate is modest at 56.5%.[@bib48]

The lack of knowledge and awareness about the Pharmacovigilance Programme of India (PvPI), lack of a robust framework and infrastructure, including regulatory authority involvement, population burden, workload, and gaps in knowledge and skill in allergy amongst healthcare professionals, were found to be some of the factors responsible for underreporting of ADRs.[@bib49] A recent study by the WHO reported a wide gradient between ADR reporting rates between high-income countries and low-income countries.[@bib50] There is an urgent need to strengthen ADR reporting mechanisms in the Indian healthcare system. However, setting up an infrastructure with a central facility collating this crucial information is challenging in a low-middle income country such as India with substantial disparity in healthcare delivery between government and corporate sectors and between rural and urban centres.

Anaphylaxis {#sec2.7}
-----------

Epidemiological data regarding anaphylaxis are lacking in India. A recent single centre study in South India reported that knowledge of anaphylaxis and its management was suboptimal amongst junior doctors and medical and nursing students.[@bib51] The true estimates of incidence are not available, probably due to poor recognition and poor reporting and coding systems in Indian healthcare systems. A systematic review on drug-induced anaphylaxis in India from published studies between 1998 and 2013 reported reactions occurring in peri-operative settings (53.7%), wards (20.4%), and home (11%) with the main culprits being antimicrobials (18.5%), nonsteroidal antiinflammatory drugs (13%), and neuromuscular blockers (13%).[@bib52] In a survey conducted amongst 242 Indian anaesthetists, 67% had encountered peri-operative anaphylaxis.[@bib53] However, only 10% had requested for allergy tests, with only 38% having access to allergy testing.[@bib53] Interestingly, opioids were the most commonly implicated agents, as this is seldom reported as a trigger in the western literature.[@bib54]^,^[@bib55] This needs cautious interpretation as an allergy specialist\'s input is critical for all cases, and this is currently lacking. The second most common group of drugs implicated were neuromuscular blocking agents (NMBAs) followed by others including colloids, antimicrobials, and blood products[@bib53]

A study carried out in Birmingham, UK reported that South Asian British children were at a higher risk of severe anaphylaxis as opposed to Caucasian white British children.[@bib56] Similarly, it has been reported that Asian children born in Australia were at a higher risk of food and non-food related anaphylaxis in comparison to non-Asian children born in Australia.[@bib57] Higher rates of atopic dermatitis and food allergy have been reported amongst children born in Australia to Asian-born mothers than non-Asian children and similarly Asian immigrant children in the United States showed a higher risk of atopic dermatitis and food allergy.[@bib57]^,^[@bib58] These studies highlight a role for gene-environment interaction, and further multicentre studies are warranted in the native Indian population for a meaningful comparison of data reported amongst immigrant Indian population in English speaking countries.

Current barriers ([Fig. 1](#fig1){ref-type="fig"}) {#sec3}
==================================================

Education and training {#sec3.1}
----------------------

There are several gaps in the state of training and practice of allergy in India. Some of the key contributing factors are discussed as follows: Allergy & Immunology (A&I) does not have recognised specialty status in India. There are no postgraduate training programmes in A&I offered by the medical council of India. However, it has offered a diploma programme in A&I and outlined the objectives, skill sets, competencies, detailed syllabus, training, and assessment methods, for which there are not many takers. Allergic diseases are managed by specialists in internal medicine, pulmonary medicine, oto-rhino-laryngology, general paediatrics, and dermatology departments. The A&I societies in India such as the Indian College of Allergy Asthma and Applied Immunology (ICAAI) and Indian Academy of Allergy (IAA) have endeavoured to address the need through conferences, CMEs, and workshops. Some institutions have offered short training programmes for several decades. However, none of these courses are recognised by the Medical Council of India to date.Fig. 1Barriers to delivery of high-quality allergy healthcare in IndiaFig. 1

Lack of India-specific scientific data and guidelines {#sec3.2}
-----------------------------------------------------

Current management protocols in India are largely based on guidelines adapted from data generated in western countries such as the GINA and the British Thoracic Society (BTS) guidelines and may not be \"fit for purpose\" in the Indian clinical practice. There is paucity of strong and real-world studies to confirm the adaptability of these guidelines to the Indian population. Parasitic infestations are common in India. A community study in children showed that 1 in 3 may have a parasitic infestation.[@bib59] Due to higher rates of parasitic infestations in India, there may be a higher peripheral blood eosinophils count in comparison to the western population. Indians are also high serum total IgE producers, similar to other African and Asian populations. The only study of serum total IgE in the general population in India was from the Mysore-Bangalore region in South India and demonstrated a mean IgE of 522.19 IU/ml in adults as compared to mean levels of 40.8 IU/ml in the western population.[@bib40]^,^[@bib60] Furthermore, infectious diseases such as tuberculosis and filariasis are also known to drive peripheral blood eosinophilia, and they cause an elevated serum total IgE.[@bib61], [@bib62], [@bib63]

Lack of aerobiological data {#sec3.3}
---------------------------

Most important issues impeding good clinical practice for an allergist in India is unavailability of local aerobiological data regarding pollens and fungal spores. A vast majority of the population in India reside in areas where there has never been an aerobiological study.[@bib64] This makes it challenging for the allergists to select an aeroallergen panel that is relevant to the region.

Poor asthma control and likely causes {#sec3.4}
-------------------------------------

As stated previously, the AP-AIM study observed that the majority of the asthmatics in India had poorly controlled disease, 89% of the subjects used oral corticosteroids at an average of 10.5 times a year, and most subjects preferred oral medications to inhalers.[@bib15] Key issues responsible for poor asthma management include social factors, religious beliefs, taboos, feeling that inhalers are \"too powerful\" and may cause side effects, the fear of habituation or even addiction to these medications, costs of medications, and the ease of use of oral medications, especially among illiterate subjects. Another important reason for poor compliance is the belief that medications need to be taken for relief of symptoms only and not for control and symptom prevention. Most doctors are not able to spend time to counsel their patients due to heavy workload. The lack of asthma nurses and nurse practitioners and the scarcity of respiratory therapists and other trained healthcare workers make it challenging to train asthmatics and their caregivers on self-management. The high rates of illiteracy in many places and linguistic diversity in India also make it challenging to develop education tools for patients. Linguistic (about 22 languages and 720 dialects) and socio-cultural diversity make developing a standardised educational tool in India a challenging task.

Lack of appropriate diagnostics {#sec3.5}
-------------------------------

Another major barrier is unavailability of standardised allergen extracts (both aeroallergens and food allergens). None of the allergens available currently in the Indian market are standardised, resulting in variations, making clinical interpretation difficult. Christopher et al reported that the allergen extracts of *D*. *pteronyssinus* and *D*. *farinae* manufactured in India were far less potent than US FDA approved allergen extracts.[@bib65] There are difficulties in obtaining a 1 mm tip skin prick test lancet, so allergists employ a 3 mm lancet or a 26-gauge disposable needle for testing. Similarly, drug allergy tests are not standardised, and kits for penicillin allergy testing are not available. Few centres offer serum specific IgE testing, and many laboratories operate multiple collection points for blood collection and transport to a central facility. ImmunoCAP and ELISA kits are available, but most of these are for European pollens that are probably relevant only to the Himalayan belt. Comprehensive component resolved diagnostics (CRDs) tests are not available in India. More research is needed to develop CRDs for pollens and foods relevant to India.

Lack of access to medications {#sec3.6}
-----------------------------

Most of the allergen-specific immunotherapy products available in the Indian market are aqueous extracts that are not standardised. Sublingual immunotherapy is not easily accessible and is not yet approved by the Government of India. Most of the allergy testing and allergen specific immunotherapy, although economical in high income countries, are still not affordable for patients belonging to lower socioeconomic groups in India, as most people do not have health insurance. Adrenaline auto-injectors are also not available in the Indian market. Since the shelf-life is only 12 months, they are only sourced by the distributor, on order in some of the metropolitan cities, but are quite expensive and unaffordable for patients belonging to lower socio-economic strata. At present, patients are advised to carry pre-drawn adrenaline in a 1 ml tuberculin syringe or a 2 ml syringe for self-management of anaphylaxis. This does not meet basic international health and safety standards and poses a risk to the user.

Inconsistent precautionary food allergy labelling {#sec3.7}
-------------------------------------------------

Another important challenge for patients is inconsistent precautionary food allergy labelling. This is not a legislative requirement in India, and it is compounded by poor awareness of food allergy and risk of anaphylaxis for consumers. A significant proportion of the population consume foods from street vendors who are beyond the ambit of regulations and appropriate precautions to be followed. There is substantial risk of cross contamination of allergens and risk of anaphylaxis.

Future directions {#sec4}
=================

Allergic disorders constitute a global health concern, with India being no exception. Although the prevalence rates are relatively lower in India compared to high-income countries, the overall disease burden, based on various estimates, is in the order of several million cases. However, as described in previous sections, there are major challenges to the provision of high-quality asthma and allergy care.

How to best respond? First, there is a need to raise awareness of this growing epidemic, within the medical community and amongst national policy makers and the public at large. Educational tools should be created and disseminated in multiple languages *via* multiple platforms including social media, and patient support organisations need to disseminate knowledge and skills to patients and caregivers. In this regard, partnership with regional, national, and international allergy societies may be beneficial.

Second, there is a need to convince the federal and the state governments to allocate more funding for allergy research. Long-term epidemiologic studies are required to better understand the burden of allergic disorders in the Indian population and delineate specific endotypes and phenotypes. Such research will inevitably help identify potential gaps and barriers to care, formulate primary and secondary prevention strategies, and establish evidence-based clinical guidelines specific to Indian scenarios. In addition, further aerobiological studies regarding local pollen and fungal spores are needed to better characterise allergic sensitisation profiles of various communities across India.

Third, from a public health policy perspective, initiatives to reduce exposure to ETS and PM~2.5~ should be encouraged, namely reduction of biomass and fossil fuels and the use of incense/dhoop sticks and mosquito coils. Widespread adoption of such measures can potentially prevent, or at least reduce, the morbidity and mortality of asthma, especially among children.

Fourth, access to quality care and affordable life-saving medications should be a top priority. To that end, there is a need to appeal to the Medical Council of India to formally recognise allergy as an independent specialty and establish adequate postgraduate training programs in medical schools and hospitals. It is imperative that India trains highly skilled allergists equipped to diagnose and manage an increasing number of patients with complex allergic disorders in a cost-effective manner. Establishing partnerships between the government and the pharmaceutical industry to subsidise cost of life-saving medications to low-income patients would be helpful.

Finally, one of the reasons for the relatively low prevalence of allergic disorders in India compared to high income western countries may be explained by lifestyle and environmental factors contributing to biodiversity. The potential to flatten the allergy epidemic curve by protective measures such as nature conservation, pesticide avoidance, lifestyle adaptations, etc., should be considered going forward.
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